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Remarks 

Sequence Compliance: 

The Office Action included a Notice to Comply with Requirements for Patent Applications 
Containing Nucleotide Sequences and/or Amino Acid Sequence Disclosures. In a telephone 
conversation with the Examiner, the Examiner acknowledged receipt of a previously filed 
amendment regarding sequence disclosures correcting the defects in the specification. 



Supplemental Material: 

Applicants have provided additional material with this Amendment and Response in the form 
of a 37 CFR 1.132 Declaration. The material consists of experiments performed using 
Applicants 1 processes providing delivery of an expressible nucleic acid sequence to which a 
compound was attached. The experiments show expression of the modified sequence in cell- 
free extracts, in cells in vitro, and in cells in vivo. 



Rejection of claims under 35 U.S.C. 1 1 2i 

Claims 1- 17 have been rejected under §1 1 2 as not being enabling for the methods claimed. 
Specifically, the Office Action states that the examples are not sufficiently representative for 
the broad range of compounds claimed for attaching to an expressible nucleic acid sequence. 
The Office Action further states that the description docs not distinguish those motecules 
having the ability to be incorporated within an expressible sequence. 

It is the Applicants 7 opinion that the examples provided are representative of a wide variety 
of compounds that can be attached to the DNA without disrupting expression. DNP, biotin 
and digoxin are haptens. Tn addition, they may also be considered antigens. Biotin is also a 
ligand which is bound by the proteins Streptavidin and Avidin, Rhodamine and Cy 3 are 
fluorescent molecules. The NLS is a peptide as well as a highly charged polycation. Because 
of the charge-charge interaction between anionic nucleic acid and caiionic NLS, a person 
having knowledge in the art would expect that attachment of a polycation to the nucleic acid 
would inhibit expression. Contrary to this expectation, Applicants found that expression 
increased in vivo when the nucleic acid was modified by attaching NLS peptides (example 
5). 

Applicants have amended claims 1 to more distinctly identify the claimed invention. 
Specifically, claim 1 has been amended to limit the number of modifications allowable on the 
nucleic acid. Claim 1 further incorporates claim 2: the minimal expression levels for the 
modified nucleic acid and increased that minimum from "greater than 40%" to "greater than 
50%". Support for the amended claim can be found in the examples provided in the 
specification as well as the supporting document; Slattum et al. Efficient in Vitro and in Vivo 
Expression of Covalently Modified Plasmid DNA Molecular Therapy 2003 In press. 

The Office Action states that while the specification is enabling for a process for nucleic acid 
delivery to a cell in vitro, it does not reasonably provide enablement for nucleic acid delivery 
to a cell in vivo. Applicants respectfully disagree. In this particular example, the location of 
the cell would not be expected to determine how the cell sees the DNA. The location of the 
cell should not determine the biochemical characteristics of the enzymes involved in 
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recognizing and transcribing a given nucleic acid or modified nucleic acid. As evidence of 
this, Applicants submit the following journal article: Slattam et al. Efficient in Vitro and in 
Vivo Expression of Covalently Modified Plasmid DNA. Molecular Therapy 2003 In press. 
Hlattum el al. 2003, using the method described in the specification, show that a modified 
expressible sequence is transcribed and translated in cell-free extracts (page 2-3), in cells in 
vitro following transfection (page 3), and in liver hepatocylcs in vivo following tail vein 
delivery of the DNA (page 3-4). The same modified DNA could be monitored by 
fluorescence microscopy (page 4). 

In examples 3, 4 and 5 of the Specification, Applicants have demonstrated efficient luciferase 
expression of the modified nucleic acid in vivo. In some instances, expression was even 
enhanced relative to unmodified nucleic acid. Applicants also show, in example 6 of the 
specification (starting on page 26), enhanced immune response against luciferase encoded by 
a plasmid that was modified within the expressible sequence by attachment of rhodamine 
prior to delivery of the plasmid to cell in vivo. Applicants believe that example 3-6 of the 
specification, together with the enclosed journal article, provide strong evidence that the 
location of the cell is not a determining factor in expression levels of a nucleic acid sequence 
modified according to the claimed invention. 

The Office Action correctly points out that the are several barriers yet to be overcome to fully 
enable effective gene therapy. Applicants further agree that delivery of a therapeutic gene to a 
cell in vivo to achieve a therapeutic effect is gene therapy. However, Applicants do not claim 
that their invention is gene therapy. Applicants also have not claimed delivery of any 
particular therapeutic gene nor treatment of any particular disease by gene therapy, Rather, 
Applicants' invention is the delivery of a nucleic acid to a cell wherein the nucleic acid has 
been chemically modified within an expressible sequence, which is not the equivalent of 
delivering nucleic acid to the cell for the purposes of gene therapy. 

In other words, a nucleic acid that is delivered to a cell for a therapeutic purpose may be 
modified according to the invention, without the modification inhibiting expression of the 
therapeutic gene more than 50%. Similarly, an expressible nucleic acid delivered to'a cell for 
research purposes may also be modified within the expressible sequence without inhibiting 
expression of the sequence more than 50%. The nature of the expressible nucleic acid and 
purpose for which it is delivered does not affect the claimed process of modifying the nucleic 
acid within the expressible sequence without inhibiting expression of the sequence more than 
50%. 

On page 12 of the Office Action, the Examiner points out that Feigner, in WO 99/1 3719, 
discusses several DNA labeling procedures that either fail to provide real time detection or 
disrupt function of the DNA, It is the Applicants 1 opinion that the belief, as expressed by 
Fecgner in WO 99/137 1 9, that labeling DNA will render the DNA nonfunctional proves the 
non-obviousness of the applicants' invention. Applicants have clearly shown, in the instant 
application as well as the enclosed published peer-reviewed journal article, that nucleic acid 
expressible sequences can be modified such that they are functional. Furthermore, the 
modifications can be used to track the nucleic acid. 

Rejection of claims under 35 U.S.C. 102: 

Claims 1 -9 and 1 3 have been rejected as being anticipated by Leahy et al 1 996. Applicants 
have amended the claims to specify a modification level of less than 1 attachment of a 
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compound per 100 base pairs and an expression level of greater than 50% following the 
modification. Applicants show in the specification and in the enclosed Slattum et al. 
document that this level of modification remains detectable and does not inhibit expression of 
the sequence by more than .50%. 

Claim 1, 7 and 13 have been rejected as being anticipated by Ireland et ah 1987. Applicants 
respectfully disagree. Ireland et al. examined ihc ability of a cell to repair plasrnid DNA 
damaged by certain DNA alkylating agents and then to stably integrate the repaired DNA into 
the cell genome. Thus, a successful event, as measured by Ireland et al., required that only 
one DNA molecule be repaired and integrated in a single cell. It is Applicants' opinion that 
the analysis of Ireland ct al. provides no information on the ability of the modified sequence 
itself to be expressed. 

The Examiner's objections and rejections arc now believed to be overcome by this response 
to the Office Action. In view of Applicants' amendment and arguments, it is submitted that 
claims 1 and 3-17 should be allowable. 



Respectfully submitted, 



Mark K. J<$hson Reg. No. 35,909 
Mirus 

505 South Rosa Road 
Madison, WI 53719 
608-238-4400 



I hereby certify that this correspondence Is 
being facsimile transmitted to the 
Commissioner for Patents, Alexandria, VA at 
703-746-D105 on: June 16, 2003. 
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Efficient in Vitro and in Vivo Expression of Covalently 

Modified Ptasmid DNA 

Paul S. Slattum, 1 Aaron G. Loomis, 1 Kira j. Machnik, 1 Mary- Anne Watt/ 
Jennifer L. Duzcski, 1 Vladimir G. Budker, 1 ' 2 Jon A. Wolff, 2 
and James E. Hagstrom 1 '* 

1 Mints Corporal lort, $tl$ S. ansa koaci, MwJisvn, Wisconsin 537] 9, USA 
'Wtttemun Center, Unh tnlly of Wisconsin at Mtnlifw, Madison, Wisconsin S3706, USA 

*Tv whom ccmuspoihietice atul reprint rvquah .\hmtht be utUfresseti. E-mail: fhnh&^enetrans fer.com. 

The tracking of plasmid DNA (pDNA) movement within cells requires the attachment of labels to 
the DNA in a manner such that: (a) the pDNA remains Intact during the labeling process and (b) 
the labeis remain stably attached to the DNA. Keeping these two criteria in mind, we have 
recently developed a series of alkylating reagents that facilitate the one-step, covalent attachment 
of compounds directly onto nucleic acids In a nondestructive manner. Using these DNA-alkylating 
reagents, we have attached a wide range of both fluorescent and nonfluorescent reporter 
molecules onto pDNAs. We now show that even with the covalent attachment of various marker 
compounds, the pDNA remains expression competent. The ability to create labeled, expression- 
competent DNA allows for the simultaneous tracking of both pDNA location and reporter gene 
expression within living or fixed cells. 

Key Words: transfectlon r DNA labeling, gene expression, covalent modification, DNA tracking 



Introduction 

The transaction ol" plasmid DNA into the nucleus of a cell 
is a corn plica ted and poorly understood process. Kven 
when using the best reagents currently available, trans- 
rection success can vary widely from one coll line to the 
next and a significant number of ceil lines remain refrac- 
tory to transaction. The biological basis for such cell-lo- 
cell variations in transfer! ion capabilities is being inten- 
sively studied. 

One approach for developing a better understanding of 
the transfection process is to visualize the trans fee led 
DNA directly within cells in culture. Along these lines, 
many current studies use Uuorescently labeled UNA to 
follow or "track" the DNA as it enters and moves around 
inside of a cell, However, to gain truly relevant informa- 
tion in these types of studies, it is important thai the 
labeled DNA being tracked is Intact plasmid DNA and not 
just small, labeled DNA fragments. 1 he importance of this 
is underscored by the fact thai it is well known that small 
DNAs (i.e., oligonucleotides or small DNA fragments) can 
move around within cells much less hindered than large 
DNAs and consequently the Intracellular distribution pat- 
tern following transfection for (luotescently labeled 
"small" nucleic acids Is very different from that for large 
DNAs [1]. A second and equally Important facior is that 
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the fluorescent label be attached to the plasmid DNA 
through a linkage that does not allow the label to be easily 
cleaved from the nucleic acid. For these reasons, we have 
recently developed a series of labeling reagents that facil- 
itate the covalent attachment of various fluorescent and 
nonfluorescent compounds directly onto the nucleic acid 
via a convenient, one-step reaction that leaves the plas- 
mid intact: These reagents (LabeliT), whose reactive center 
is an aromatic nitrogen mustard, covalently alkylate DNA, 
primarily ai N 7 of guanine residues [2]. Labeling with 
these reagents allows for the fluorescent tracking of intact 
plasmid DNA molecules within individual cells following 
transfection, elect roporalion, or microinjection. 

We now show that even after the covalent attachment 
of any of a variety of compounds (fluorophores, haptens, 
hydrophobic compounds) to plasmid DNA (pDNA), effi- 
cient expression of the labeled pDNA can be maintained. 
This was unexpected given thai it is generally believed 
that covalent attachment would inhibit transcription and 
therefore expression [3,15]. In addition to being versa- 
tile, this also creates an advantageous situation In which 
pDNAs that are both expression competent and fluorcs- 
cently labeled can be visually monitored while being 
transported to the nucleus so that DNA locallzalJon can 
be correlated with expression. 
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FIC. 1. Chemical structures of the DNA labeling reagents. 
(A) Strut lure ol LabeHT~CV$.' (B) Structure of fcr^lT-biotin. 
(C) Structure of LobeM-CX rhodjimin?. (D) Slrnr.njre of 
LoiJt'/fT-pyrene. 
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Results 

Covalent Attachment of Labels to DNA 
We labeled pIDNA using the alkylating reagents depleted 
in Kg. 1 LabellT reagents). The numheT of covalently 
attached labels on the pDNA was determined by spec- 
trofluorornetrie analysis (data not shown). Covalent at- 
tachment was visualized using gel electrophoresis in 
which total fluorescence, gci-shlfl retardation, and activ- 
ity of attached markers were monitored (Fig. 2). Following 
labeling with Latwin CX-rhodamine, fluorescent DNA is 
visible in the absence of ethidiurn bromide staining due to 
the covalently attached rhodamine (Fig. % Unstained, top, 
OX-rhodarnine lanes), When we used increasing amounts of 
labeling reagent to label the DNA, increased fluorescent 
signal was observed (compare CX-rhodamine lanes .2 
and .1). When wc used hydrolyzed reagent (LabelTT CX- 
rhodamine) as a control, covalent labeling was not observed 
(I.e., DNA could be seen only with ethidiurn bromide stain- 
ing; sec CX-rhodaminc lane H). t he hydrolyzed reagents 
represent appropriate controls for this study because al- 
though they can interact with DNA via electrostatic bind- 
ing (similar to unhydrolyzed, active reagents), they are 
unable to react covalently with the nucleic acid, DNA 



labeled with Cy3 is. not visible without ethidiurn bromide 
staining, although the labeled DNA {Fig. 2, Cy3 lanes .1 
and .2) exhibits a detectable gel retardation compared to 
the hydrolyzed control and the unlabeled plasmJd control 
(lanes Cy3 H and C). The Cy3-labeled DNA is not visible 
in the unstained picture because the excitation wave- 
length of the gel box Is 302 nm and Cy3 has essentially no 
absorption at this wavelength and therefore cannot fluo- 
resce. The gel retardation observed for the labeled DNA is 
partially due to decreased total negative charge of the pla fr- 
igid DNA when Lhe lluoroph ore-con Lalnlng reagent (with 
canonic linker) is attached. Covalent attachment of bloUn 
to DNA Is demonstrated by both get retardation (biotin 
lanes) and a supershift (with smearing) thai Is detectable 
after the addition of streptavidin to the samples (Fig, 2, 
biotin lanes .1 and .2 with and without streptavidin). 
Addition of streptavidin had no effect on DNA that had 
no biotins attached (see biotin + streptavidin, lane H). 

Expression of Labeled PI asm ids Using in Vitro 
Transcription/Translation Reactions 
To determine whether plasmid DNA retained gene expres- 
sion competency following covalent labeling, we per- 
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FIG. 2, Aydioie 9el electrophoresis of labeled dna in which the 
j?mc gel is displayed before staining {Unstained) and after 
elhidium bromide staining CEtBr Suined). Une.$ C contain unla- 
beled pCl Luc plasmid. CX-rhodaminc lane* ,1 and .2 contain 
DMA labeled at a 0.1:1 and a 0.2:1 (wt/wt) ratio, respectively; 
CA-rhodamine lane M conttios DNA reacted at a 0,2:1 (wi/wt) 
ratio with the hydrolyzed reagent. Cy3 lanes .1 and ,2 contain 
DNA labeled at » 0,1:1 and a 0,2.'. 1 (wt/wt) ratio, respectively; Cy3 
lane H contains DNA reacted at a 0.2:1 (wt/wt) ratio with the 
hydrolyzed reagent. Biotin lanes .1 and .2 contain DNA labeled at 
3 0.1:1 and a 0.2:1 (wl/WQ raUo, respectively; blotin lane H con- 
tains DNA reacted 3t a 0.2:1 (wi/wt) ratio with the hyd™>ly*ed 
reagent, fltotin + tirepravldln Janes .1 r .2. and H contain the same 
DNA as the biotin wdl$, but were mixed with 1 ^ strep la vidin 
prior to gel analysis. Lane L contains a 1 kb DNA ladder, 




formed the following experiment. Wc labeled plasmid 
DNA (pClLuc) encoding luciferase (under the control of a 
CMV enhancer/promoter and/Or 17 promoicr) at several 
different labeling densities using each of four different 
labels (CX-rhodamine, Cy3, pyrene, and biotin) and 
tested for expression using a coupled in vitro transcrip- 
tion/translation kit (TnT Kit; Pro mega Corp., Madison, 
W[). All expression data that were generated using the 
labeled plasmids were normalized to expression results 
obtained using an unlabeled control plasmid. The results 
shown in T : Jg. ;i demonstrate that the efficiency of expres- 
sion between labeled plasmids and unlabeled control 
plasmid Is nearly equivalent when the number of labels 
per plasmid is between 5 and 10. However, as the num- 
bers of attached labels per plasmid increase, the resulting 
expression levels drop off rapidly although there is some 
dependence on the type of label attached. When labeling 
density reaches 45-55 Labels per plasmid, luciferase ex- 
pression Is less than 10% of unlabeled pONA regardless of 
the label type. 

Expression of Labeled Plasmids in Transfected Cells 

Wc also evaluated the ability of labeled DNA to express in 
cells in culture relative to unmodified plasmid DNA. We 
transfected labeled DNA (pCILuc) into Hepa 1-CLC6 and 
COS 7 cells using 'lYansYT LT-1 (Mirus Corp,) and har- 
vested the cells 4H h after transfection and luciferase ac- 
tivity was determined (l ; ig. 4). All expression data ob- 



tained for labeled plasmids were normalized to expression 
results obtained using an unlabeled control plasmid. In 
Hepa cells, the labeled DNA retained expression capa- 
bilities of approximately 75% of the control plasmid at 
modification levels of 5-10 labels per plasmid (Fig, 4 A). 
However, in contrast to the in vitro TnT reactions (tran- 
scription/translation), when there were 25-30 labels per 
plasmid, substantial transgene expression was still main- 
tained (-50% unmodified DNA levels). Also, considerable 
expression (—25%) was retained even at higher modifica- 
tion levels (—50 labels per plasmid). 

High levels of transgene expression (luciferase) were 
also maintained when we transfected labeled DNA Into 
COS 7 cells, although overall the reductions In expression 
from the labeling were slightly lower (fig. 4B). In addi- 
tion, the effect of labeling was more dependent on the 
type of label (Fig. 4B), Nonetheless, the pyrene-labeled 
DNA expressed more efficiently at every level of modifi- 
cation. As with Lhc Hepa cell Lranstcctlons, the most strik- 
ing result is the considerably higher level of expression 
from more heavily modified plasmids compared to the 
cell-free transcription/translation results. 

Jn Vivo Expression of Labeled Plasmids 

Last, wo tested labeled plasmids for expression capabilities 
in vivo (in ICR mice; Harlan Laboratories). Liver delivery 
was accomplished by high-volume, tail vein injection us- 
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FIG. 3. in vitro t ran scrip Ho n/tr a rela- 
tion efficiency oi > wrles of labeled 
plasmids ii shown. Results arc 
jhowrt as ratios of luciferase ex pres. 
iion of the labeled piatmid divided 
by the unlabeled piasmid control. 
(Data shown are from 2 experimen- 
tal daysj on o*k of Ihe days dupli- 
cate rf»action\ were performed and 
on the other day single reactions 
were performed. Error ban were Ob- 
(aimed using the coefficient t>l ^na- 
tion.) Results arc grouped by the 
number of label* per ptaicmld and by. 
the label type (CX-rhodamine, Cy3, 
pyrene, and biotin). The aclual ngnv 
ber of labels per pla&mid ts shown at 
the top of eath error bar. The num- 
ber* nf lab six per piasmid for biotin 
if& Included as estimated valuei 
only. 
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in& 10 jxg or labeled piasmid DNA (in Ringers buffer) per 
mouse [4,5], Wc sacrificed ihe mice at 24 h postinjecLion 
and harvested the livers, homogenized them in cell lysis 
buffer, and assayed them for luciferase activity (i-'ig. 5). 
The control mice injected with the unmodified piasmid 
produced an average of 3.34 u.g of luciferase per liver, All 
expression data obtained following injections of labeled 
plasmids were normalized to expression resuUs obtained 
for the unlabeled piasmid injections. Mean luciferase pro- 
duction for mice Injected with DNA modified at a level of 
approximately 10 labels per piasmid showed little or no 
loss in activity compared to the unlabeled piasmid Injec- 
tions. When we increased the level of modification to 20 
labels per piasmid the mean luciferase production de- 
creased, but statistically retained expression levels indis- 
tinguishable from the unmodified control piasmid (mean 
expression values showed no difference using the .Student 
f test). 

Fluorescence Tracking (and Expression) Using 
Labeled DNA 

To demonstrate the utility of the technique for tracking 
labeled pDNA in cult ured cells, we covalently mod tiled an 
expression vector encoding enhanced yellow fluorescent 
protein (pEYFP-Nuc) with rhod amine and iransfected it 
into COS 7 cells. At various time points after transfccUon 
we detected red (rhodamtne) and yellow (EYFP) fluores- 
cence umiix confoca) microscopy (Fig. 6). In this experi- 
ment we observed that by 1 h posttransfection, the ma- 
jority of the cells had fluorescent spots on the plasma 
membrane or inside the cell. By 4 h posliransfection 



nearly 100% of the cells had internalized ihe fluorescently 
labeled DNA (small punctate dots) and low-level EYFP 
expression was observable In a low percentage of cells. By 
24 h posttransfcctlon, high-level EYFP expression was ob- 
served in 90-100% of the cells. Interestingly, by 24 h the 
distribution of rhoda mine-labeled DNA had changed dra- 
matically in most cells from a punctate (dot) to a much 
more diffuse (cloud) pattern. This Is likely a result of the 
labeled piasmid DNA becoming released from the endo- 
somal compartments. 

To determine if fluoresce nil y labeled pDNA and re- 
porter gene expression could be observed within the same 
cells In vivo, we labeled an expression piasmid encoding 
enhanced green fluorescent protein (pEGFP) will 1 ! Cy3 
and Injected it into the tail vein of 1CK mice. We sacrificed 
the mice at —24 h postinfection, froze the Hvers, and 
prepared thin sections (7 urn). In all liver hepatocytes 
expressing EGt'P, fluorescently labeled DNA (Cy3 signal) 
was also present in a punctate staining pattern. The vast 
majority of the Cy3-flu orescent signal was located in the 
cytoplasm, although some dots were observed in nuclei 
(l : igs, 7A7D). in a significant number of cells, we observed 
a small amount of Cy3-Iabeled DNA (-1-5 dots/cell) in 
the cytoplasm although no EGFP expression was detected. 
However, in general, the cells that contained the largest 
number of dots were usually the ones displaying the high- 
est levels of EGFP expression. In a very small number of 
cells (<0.1%) we found large numbers of fluorescent dots 
in the cells but detected no EGFP expression (data not 
shown). 



Moi-WUi ak HTi ikmai'y Vol. OU, No. 0, Month 2003 
Copyright C Th« A»»*»CAi\ Scfdaty of Cano therapy 



F7 



Received from < 608 441 2849 > at 6/16103 10:57:19 AM [Eastern Daylight Time] 



63 
64 
65 
66 
67 

69 
70 
71 



74 
75 
76 
77 
73 
79 
80 
81 
82 
83 
34 
85 
86 
87 
B« 
39 
90 
51 
92 
93 
94 
■ 95 
96 
97 
93 
99 
1 00 
101 
102 
1 03 
1 04 
105 
1 06 
1 07 
108 
109 
1 10 
111 
112 
113 
11'* 
115 
1 16 



1 



Sent By: Mirus Corporation; • 608 441 2849; Jun-16-03 9:55; Page 16/20 



rtapraid3;c4-mthe/c4-mthe/cAQa03/c41QO1dQ3a | kneppeM [ S=fi [ 5/14/Q3 | 13:45 [ Art; 1001 

doi:1 0. 1 0 1 6/S 1 525-001 6(03)001 \ ; ; „ 



B 



120 



il 

n 



so 



20 



Hcpa Cells 




■ pyrcnc 
^CX-rhodaminc 
□ Cy3 
□.blodn 



S3 50 



90 100 



5-10 



10-20 20-3 S 

Number of Labels per flasmid 
Cos7 Cells 



*■ pyrenc 

B5 fKrrhorlJiminc 

Oblotln 




5-10 



10-20 20 35 

Number of Labels per 1'lasmid 



Fio. 4. Expression efficiency la- 
beled ptiLuc plasmid in (A) Mepa 
cells or (B) COS 7 cells. Results are 
shown as ratios of (ucif erase expres- 
sion of the labeled pla&mld divided 
by the unlabeled plasmid control. 
ToUl luciigraie production per we) J 
tor the unlabeled control was 3.0 
and 8.7 p.g of luciferasc per well in 
Hepa and COS 7 cell trfrrtsfectiom, 
respectively. Reiulu are grouped by 
the number of tabdi per plasmid 
iind by the label type (CX-rhada- 
mine, Cy3, pyrene, and bioo'n). The 
actual number of labels per plasmid 
is shown at the top of each error bdf . 
The numbers of label? per plasmid 
for bio tin are included a* estimated 
values only. For He pi ceEU duplicate 
experiments were performed on 3 
days (rt = 4-6) (error bars are ob- 
tained hvni the average coefficient 
o» variation). In COS 7 cells duplicate 
experiments were performed on 2 
days (n - 2-4) (error bari i re 0b» 
tained from the average coefficient 
of version)- 



Discussion 

The key to finding new ways to increase non viral gene 
delivery capabilities in living colls ultimately lies in our 
ability to understand better the barriers In the transfec- 
Lion process. In this regard; new and sophisticated UNA 
labeling tools are needed to assist in the delineation of 



these intracellular barriers. Currently, a variety of meth- 
ods are available for attaching fluorescent compounds 
onto DNA but none ot these methods allow for the direct 
covaknt attachment of fluorescent compounds directly 
onto genes (or plasmid UNA) while at the same time 
leaving the gene intact. I'or this purpose, a new class of 
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FIG. 5. Miyh-pressure tail vein injection Irani* 
fection efficiency into mouse livers is shown lor 
a scries o' injections using labeled pCI Luc 
(CMV promoter, Tuclferase transgenc). Results 
- 5) are shown as ratios of I uc if erase expres- 
sion of the labeled ptosmtd to that of the un- 
labeled plasmid control. Total liver luciferm 
production for ihe unlabeled control wst 2,4 
Reiuits are grouped by number of la- 
bels per plasmid and by the label. type (CX- 
rhodaminc, Cy3, pyrene, and biotin). The ac- 
tual number of labels per plasmid is shown on 
top q\ each error bar. The numben at labeli 
per pl.isrnirl for biotin are included as esti- 
mated values only. Error bars were obi dined by 
taking the square root of the ium of the 
squares of the standard deviation? of labeled 
and unlabeled plasmid*. 
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FIG. 6. COnfocal fluorescence microscopy of COS 7 cells 
transfeaed (with TramfT LT.l) with 2 EYFP-Nuc 
pt«mid DNA labeled at a 0.1:1 (wt/wt) ratio for 1 h at 
V°C (approximately 25 labels/plasm id). Photomicro- 
graphs taken 48 h after transfection. Images represent 
COS 7 cells 1 h after transfection with rhodamine-la* 
beled pDNA, 4 h posttransfection, 8 h potttfansfectlon, 
and 24 h posttransfection. Note the change- in labeled 
pDNA (red) lorjiJimtion From th^ surfacft of the cells to a 
perinuclear location during ihe time progression (small 
arrows in the 24. h (mage). The overall increase in rho- 
darulne fluorescence at the 24-h time point is likely d 
result of escape of labeled DNA from the cndwomal 
compartment. 
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FIG. 7. COnfocal fluorescence microscopy of mouse Irvcr hepiHOCytes following tail vein delivery of 1 0 EGFP plajmid ONA labeled with UbellT Cy3 (at a 0.1 .1 
(wt/wl) raUo lor 1 h at 3 7*C— approximately 25 bbcls/plasmid). Photograph taken 24 h after tail vein injection, (A) CyS-labclod ONA (red). IB) Nuclei of liver 
cells (blue DAPI staining). (C) Green indicates grctn tluO'escent protein expression (EGFP). (D) An overlay of all three channels. Arrows In A and D indicate 
Cy3-labeled DNA within GFP-cxpmsing hepalocytes. Arrowheads indicate Cy3-labek:d DNA in cells in which EGFP t$ not detectable. 



chemical labeling reagents {LaMYT reagents) that facili- 
tate the covalent attachment of fluorophores (and non- 
fluorescent labels) directly lo I he nucleic acid bases in a 
nondestructive manner was developed. These reagents 
covalently modify nucleic acids via an alkylation reaction 
and they have been shown to work effectively on ONA of 
any size or conformation (P.S-, M.-A.W., KM., J.H., un- 
published results). In addition, they function well in the 
attachment of a variety of different labels (fluorescent or 
nonfluorescent, hydrophilic or hydrophobic). 

In this study we now demonstrate that even after co- 
valent attachment of multiple labels directly onto the 
plasm Id DNA, the encoded transgene remains expression 



competent. At lower levels of labeling (5-10 labels per 
plasmid) expression of the transgene was either unaf- 
fected {In vitro transcription/translation reactions and in 
vivo experiments) or minimally, reduced (cell culture 
iransl'ectlon experiments). As expected, the overall level 
of gene expression competency was Inversely propor- 
tional to the number of attached labels. But surprisingly, 
even when the DNA was labeled at a level such that labels 
were attached at sites within the expression cassette (I.e., 
promoter; coding sequence, and 3' UTR), efficient gene 
expression still occurred (the expression cassette consists 
of approximately 3 kb of the 5.8-kb pCILuc plasmid). We 
have confirmed that the expression cassettes of -» 100% of 
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the plasmids are modified (using labeln -blotin) when 
using a labeling ratio of >0.O25:l (wt/wt; LabeUT -bioxin/ 
pDNA) by gel retardation experiments with streptavidin 
(data not shown). At the labeling ratio of 0.025:1 (wt/wt,' 
JLtfMIT/pDNA) between 6 and 10 labels are attached to 
the pCit-uc plasmid. We have also observed that at these 
lower levels of DNA labeling, restriction digestion of the 
labeled DNA remains essentially unaffected (data not 
shown), 

While labeled DNA could be efficiently expressed both 
in vitro and in vivo, there were differences among the levels 
of gene expression tnhibition observed in the three types 
of expression systems (transcHpiion/translation-coupled 
reactions, in vipv transactions, in vivo gene delivery). 
Most remarkable was the effect observed in mouse liver 
cells in vivo {via intravascular delivery of naked DNA), 
where modified plasmid DNA with approximately 10 la- 
bels per plasmid ( -1 label/500 bp) maintained expression 
capabilities very similar to those of unmodified plasmid 
DNA. liven when labeling levels of -20 labels per plasmid 
were used, transgene express! on in vivo was ^50% un- 
modified plasmid DNA levels for all four types of labels 
tested. The variation in expression among the three ex- 
perimental conditions (transcription/translation reac- 
tion, cultured cells, and liver in vivo) could be due to 
different rate-limiting steps within these systems. One 
specific factor that could account for some of the differ- 
ences between the in vitro and the in vivo results is the 
effect of the nucleotide repair system within cells in vivo 
(see below). 

It is important to note that even though a small reduc- 
tion in expression levels was observed when using the 
labeled DNA, the absolute levels of gene expression fol- 
lowing the gene transfer step in each of Lhese experiments 
remain quite high. Thus, the level of expression Inhibi- 
tion observed following covalcnt attachment of the flu- 
orophore does not have a dramatic effect on the overall 
percentage of cells expressing the uansgene. ihis is visu- 
ally demonstrated in Fig. 6, for which rhodamine-labeled 
DNA (-25 labels per plasmid) was iransfected into COS 7 
cells and the cells were monitored for uptake of fluores- 
cently labeled DNA and expression of yellow fluorescent 
protein simultaneously. As can be seen, nearly 100% of 
the cells display both types of fluorescence, indicating 
thai the labeled DNA has been internalized by each of the 
cells and expression of the transgene has taken place. 

Possibly the most important aspect of these findings 
lies in its therapeutic potential. The fact that expression 
capabilities are maintained following the attachment of 
labels with very different properties (hydrophobic, hydro- 
philic, charge) means that this labeling technology could 
be easily used to attach various functional compounds to 
expression cassette-containing plasmid DNAs for the pur- 
pose of increasing gene transifer and/or gene expression. 
This potential is especially relevant in light of the recent 
progress made in increasing the potency of nonviral gene 



transfer vectors, in particular naked DNA delivery in vivo 
[6-141. -Thus, even modest enhancements in gene expres- 
sion gained via the attachment of novel ligands or endo- 
somal lytic or transport molecules could have profound 
effects on the utility of nonviral vectors for human gene 
therapy interventions. 

A variety Of mechanisms may explain how gene ex- 
pression competency is maintained following labeling. 
The two most likely scenarios include transcriptional 
read through of the modified bases or repair of modified 
bases. In two previous reports, it was found that up to 
40% of a plasm id's Lransgene expression capabilities were 
maintained following trans feet ion Into NIH3T3 cells of 
pDNA covalently modified using photoactivatiblc chem- 
ical labeling reagents [1S,16J. These authors attributed the 
gene expression capabilities to the ability of eukaryoiic 
RNA polymerase II to read through the modified bases. 
Alternatively, repair of modified bases could be taking 
place, thereby allowing efficient expression of the modi- 
fied genes. This could be carried out through either a 
nucleotide excision repair or a base excision repair mech- 
anism. There may also be a transcription-linked repair 
mechanism whereby only the labeled bases inside the 
coding cassette get repaired. In this study, the level of 
gene expression observed following covalent labeling 
with the alkylating agents was significantly higher than 
Lhat observed in these previous studies (i.e., photolabel- 
ing), Wc arc currently actively investigating the precise 
mechanism by which these cells enable transgene expres- 
sion of covalently modified genes. 

in summary, these labeling reagents represent highly 
useful tools for studying both DNA transport and its re- 
sulting reporter gene expression. By simply adjusting the 
ratio of labeling reagent to DNA during the labeling reac- 
tion, it is possible to: (a) control the absolute level of DNA 
labeling and (b) identify plasmid DNA labeling levels In 
which the DNA can be easily visualized while still allow- 
ing for high-level gene expression in vitro or in vivo. Fur- 
thermore, the ability of covalently modified DNA to be 
expressed suggests that this gene chemistry approach 
could be used to attach ligands or other chemical moieties 
to facilitate increased cellular uptake or better transport 
within the cell (e.g., nuclear transport signals for nuclear 
localization) [17), 

Materials and Methods 

Plasmid DNA. Fur all labeling ami expression MUdl*» involving luclfeiasc, 
the 586$-t>n pDNA pClLuc in the closed, ci/cular form was used [IB\. The 
lueifVrase expression ca.«e|te contained within this plasmid is approxi- 
mately 3030 bp. This includes the entire expression cassette, poly(A) tail, 
and CMV en hii new/ promoter, For fluorescence/expression Studies, the 
phiwnidJ pfcYFP'NuC (Oonwch) and pp.GFP (Qontech) were used. Plasmid 
RVFP.Nuc encode* an enhanced yellow fluorescent protein that localizes 
to the nucleus and pEGFP encodes a green fluorescent protein that remains 
predominantly in the cytoplasm, 

DNA labeling. The nucleic acid labeling reagents IffteflT-biOtin, t,al>el\ T. 
CX-rhodaminc, Larw/LT-pyreric, and LabcflT-Cy'S were obtained from 
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Mlrus Corp. Synthesis of the Labell'Y regents U rlescilhed In U.S. Patent 
U.S062o22S2. Chemical structures uf the rryginn* an; shown in Hg. 1. DNA 
(pCl Luc) was rntnUfk'tl using /.afrc/IT reagents according to the manufec- 
turer's recommendations; briefly, UMW reagent and DNA were com- 
bined in 20 mM M<JpS buffer, pH 7.5 (100 u,g DNA /ml buffer) ut various 
wt/wt ratios (reaflent/DNAj and incubated ut 37"C fur 1 h. ihe lahsled 
pUNA was separated from uiiiUmchtU M*l l>y eUidJiol precipitation, using 
iy 10 volume 5 M NiiCI as the uiuiUeriAii. The purified pDNA was ream- 
stituted in 2U mM Mops buffer. pH 7.5. 

Hydrolysis of labeling reagents (alkyt<*H*v$ $rnup). The nitrogen mustard 
responsible for nucleic acid Libeling in the LatelYT reagents was hydro- 
lyzed (Inactivated) by Incubating in 20 mM Mops buffer, pH 7.5, for 1 h iit 
80 B C. The hydrolysis (replacement of chlorine moiety by a hydroxy I 
^roup) wus confirmed by mass spectrometry (data not shown). The hyd.ro- 
. lyicd reagents were used as & control in labeling reactions to UcmnnMrate 
that the iPbelTT reagent* are covalently linked to the PNA and n<it m^ely 
electrostatically a undated with the DNA (Fig. 2). 

Determination vf tobvtinjf density. The number of groups »ttacl«:il *" 
DNA was estimated umiik published molar extinction coefficients (t), 
expressed its M" 1 Cm -1 , of the various marker groupi: CX-rhodamlne, 
80,(100; C.yZ, 150,000; and pyrene, 43,000 (Molecular Probes and Amcr- 
sham) In some cases K„ titX was observed to shill afiei the attachment of the 
fluorophorc to the DNA. labeled DNA was scanned on a UV spectrometer 
(Beckrnan DU 530) to obtain the actual x mMX experimentally. The (Or 
CX-rhodamine, Cy3, arid pyrene were determined to be 5*6, and 350 
tun, respectively, DMA molar concentration was determined by measuilnp 
the 30SOrhance at 260 nm and dividing by 660 g UNA/mnl UNA bp. The 
rnimlwr «f biotiii molecules cannot be determined by measuring absorp- 
tion. KintJn Incorporation was assumed to parallel CX-rhodamine and 
pyrene Incorporation because all three labeling reagents carry two positive 
charges under the conditions Of the labeling reaction. The incorporation 
of Labcll! reagents is approximately linear with respect to weight ratio. A 
reaction under the above condition* using a weight ratio of 0.2:1 iLahetn 
reagent: DNA) would result i" a labeled pClLuc plasmld containing ap- 
proximately 50 labels, 

In vitro transcriptivn/trtin%tutiurt. All in vitro U'anscription/translari'»n 
(TnT) experiments were done using the commercially available l nT Quick 
Coupled Transcription/Translation Kit (Piomega). TnT experiments were 
carried out according to the manufacturer's protocol. 

Cell trunsfettiorts, Transfectlons were performed on COS 7 (large T a*^tl- 
gen-tr^hSi'oritied monkey kidney cells) and llepa 1-CLC6 (mouse hepato- 
lilllary carcinoma) and were carried out using MiruS'9 TranslT LT-l trans- 
twit inn redden l. I'of each transection, 2 *ig of pJasmid UNA (labeled or 
unlabeled) was complexed with LT-l and the" ;«1nVi1 to growing cells 
according to the manufacturer's recommendations, I'Or reporter gene as- 
says, transfected cells were harvested alter -48 h, and celt lysatcs were 
prepared and assayed for luuferose activity, l or fluorescence microscopy 
studies, cell* were grown on $1*** coverskips In 35-mm wells and tr^nv 
fected, and then cnvLTilip* were washed (phosphate-buffered saline), KximI 
with aUjiaraldehyde, and mounted onto glass slides. 

Tail vein ittjectium. Mouse tail vein injections were performed a* previ- 
ously described |4). Briefly. 10 ug of plasmid DNA encoding the reporter 
gene luclferase (in 2 mi of Ringer's solution) was injected rapidly Into the 
tail vein of 20- to 25-g ICR mice (Harlan Laboratories, Indianapolis, IN), 
Twenty-four hours pustinjevtion me mice were sacrificed and the livers . 
were removed. For lueif erase detection, liver tissue was homogenised in 
cell lysis buffer (100 mM KM 3 P0 4 , pH 7,*, 1 mM IHT, 0.1% Triton X-100) 
and assayed tor tucif erase Activity as previously described [10J. for in situ 



expression studies using labeled plasmld UNA and fluorescent repoilei' 
proteins (pUOrr), liver* were removed, quick frozen In liquid nitrogen in 
tissue mounting medium (OCT, Tissue Tek), and thin sectioned on a 
Cryosiai (Zeiss instruments). The resulting 7-u.ra sections were mounted 
onto glass slides (with covcrslips) and analyzed via confocal microscopy. 

Fluorescence microscopy. All fluorescence microscopy was performed us- 
ing an LSM 5 10 (Zeiss) scanning con focal microscope. 
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